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Investment in fighting in relation to body condition, age and dominance rank in the male fallow deer 1 
(Dama dama) 2 
 3 
According to life history theory, males of iteroparous species are expected to trade-off investment between 4 
current and future reproduction based on age (mating strategy or terminal investment hypotheses) or body 5 
condition (individual quality hypothesis). However, although central to this latter model, the question 6 
concerning whether and to what extent condition regulates competitive investment in polygynous species 7 
is unknown. Consequently, we investigated this issue with reference to fight structure in fallow deer 8 
contests. Support for the individual quality hypothesis was limited: males with larger necks as determined 9 
by pre-rut neck girth fought for longer than males with smaller necks. However, prime-aged males had 10 
higher investment in fighting compared to pre-prime or post-prime aged males indicating that investment 11 
in fighting might be age related. Other aspects of our data also failed to support condition-related 12 
predictions; although we found that jump clashing and vocal rate were related to both weight loss and neck 13 
girth decline respectively there was no relationship between investment in fighting and pre-rut measures of 14 
body size. Moreover, we also found that rank was predicted by investment in fighting (backward pushing) 15 
rather than body condition. Our results show that variation in competitive investment between individuals 16 
in addition to body condition and age also influences reproductive effort in the fallow deer. 17 
 18 
Keywords: Life history, reproductive effort, body condition, contest structure, fighting, fallow deer 19 
 20 
21 
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Introduction 22 
Although game theoretic models of animal competition differ fundamentally in their predictions concerning 23 
the process by which animals reach a decision to continue or quit a contest, there is a common assumption 24 
that competition imposes a range of costs on the individual (Arnott & Elwood 2009). Theoretical 25 
approaches such as that proposed by the sequential assessment model (SAM) predict that individuals will 26 
escalate contests through phases that increase in both intensity and cost as contestants seek to assess the 27 
quality of their opponent (Enquist & Leimar 1983). It is the ability of individuals to match their opponents’ 28 
within-phase behaviour that increases the likelihood that the contest will continue through phases thus 29 
increasing the costs that are incurred (e.g. DeCarvalho et al. 2004). Similarly, the war of attrition (WOA) 30 
predicts that opponents match each other in behavioural rates until one contestant reaches a maximum 31 
cost threshold and elects to abandon the contest (e.g. Mesterton Gibbons et al. 1996). While the range of 32 
costs associated with fighting include time directed away from tending a resource to the risk of serious 33 
injury or death (Riechert 1998), costs also arise from the energetic constraints imposed by repeatedly 34 
signalling during these interactions (Briffa & Sneddon 2007). Recent studies focussing on this aspect of 35 
competitive behaviour have shown that investment in competitive behaviour is compromised by increases 36 
in lactic acid, depletion of glucose and anaerobic constraints (e.g. Thorpe et al. 1995; Hack 1997; Briffa & 37 
Elwood 2001; Matsumura & Murai 2005; Dissanayake et al. 2009).  38 
It seems reasonable to assume that there could be cumulative costs associated with repeated 39 
incidences of escalated competition. This should be particularly true in polygynous ungulates; here mature 40 
males adopt a capital breeding strategy relying on stored energy during the breeding season during which 41 
they compete over access to reproductive opportunities (Festa-Bianchet et al. 1998; Forsyth et al. 2005). 42 
While game theoretic models address the tactical aspects of competition as a means to understand contest 43 
structure and decision rules, life history models tend to emphasise the role of competition in terms of 44 
optimising reproductive success. From this latter perspective reproductive effort can potentially have two 45 
effects on an individual’s fitness; it can result in decreased survival and also deplete future investment in 46 
offspring by diverting resources towards current offspring (Charnov et al. 2007). In males, it has been 47 
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proposed that one major source of the reproductive costs that are incurred arise from an escalation in 48 
incidences of intra-sexual competition as competitors seek to gain access to, and monopolize access to 49 
territories and receptive females (e.g. Maher & Byers 1987; Yoccoz et al. 2002; Pelletier et al. 2006).  50 
However, while actual costs might stem from competitive behaviour, the role of age (terminal 51 
investment hypothesis: Pianka & Parker 1975; mating strategy effort hypothesis: Yoccoz et al. 2002) and 52 
body condition (individual strategy hypothesis: Pelletier 2005) have been considered key factors regulating 53 
investment in reproductive effort. In terms of current life-history models, the terminal investment 54 
hypothesis predicts that investment in reproduction should increase with increasing age (after prime age is 55 
reached) as residual value decreases (Mysterud et al. 2005). The mating strategy effort account is more 56 
related to mating strategy than specifically to age (Mysterud et al. 2005); however, in the context of male 57 
fallow deer that peak in mating success within a restricted age range (e.g. Moore et al. 1995; see also 58 
Yoccoz et al. 2002 for red deer, Cervus elaphus), the model predicts that reproductive effort should be 59 
greatest in prime-aged animals. This is because individuals within this age class are better to acquire and 60 
defend a resource than older individuals. The individual strategy hypothesis differs from the two preceding 61 
accounts in that it predicts that reproductive effort will be greatest in individuals that possess the highest 62 
phenotypic quality before the onset of the breeding season. While these life-history accounts of 63 
reproductive effort are broadly concerned with the costs of competition as a function of reproductive 64 
effort, investigation of these models tend to focus less on moment to moment behavioural actions of 65 
competition in favour of more indirect measures of competitive behaviour.  66 
These indirect measurements are favoured primarily because direct observation and quantification 67 
of contest behaviour in field populations is extremely difficult (Vervust et al. 2009). Consequently, 68 
investment has been inferred from weight loss (e.g. Yoccoz et al. 2002; Mysterud et al. 2005), physical 69 
damage (e.g. Vervust et al. 2009), or through behavioural activities expressed as a percentage of a focal 70 
watch (e.g. Maher & Byers 1987; Mainguy & Côté 2008). Nevertheless, as noted above, experimental 71 
studies have shown that it is the rate and intensity at which behavioural actions are given during fighting 72 
that index how costly a contest is to the individual. Therefore, engaging in high cost, risky or fatiguing 73 
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tactics and persisting for longer during fights would provide a direct measure of investment in reproductive 74 
effort. To the best of our knowledge no study has directly investigated this fundamental question and, 75 
consequently, the relative importance of competitive investment as a gauge of reproductive effort in males 76 
of polygynous species has remained speculative.   77 
The tendency for male fallow deer to engage in escalated competition is common during the 78 
annual rut (e.g. Apollonio et al. 1992; Moore et al. 1995; Fričová et al. 2007). The majority of aggressive 79 
interactions between males involve noncontact dyadic contests although a proportion do escalate to 80 
fighting, some of which are disrupted by the intervention of third-party males (Jennings et al. 2006, 2009, 81 
Jennings & Gammell in press). Studies into the structure of fallow deer fights have illustrated the highly 82 
complex nature of these encounters; they involve a range of vocal (Bartoš et al. 2007) and visual displays 83 
(Alvarez 1993; Jennings et al. 2002, 2003) in addition to a range of behavioural actions used during physical 84 
engagement of bouts of antler contact (Alvarez 1993; Jennings et al. 2004, 2005 a,b; Bartoš et al. 2007). 85 
These fights can last for several minutes and are considered to be extremely fatiguing suggesting that 86 
fighting is a key variable associated with mass loss in male ungulates (Yoccoz et al. 2002; Jennings et al. 87 
2004). Given their frequency and complexity, we sought to directly investigate whether male fallow deer 88 
regulate their investment in fighting based on body condition by directly quantifying individual behaviour 89 
during escalated fighting. The objectives of the present study were therefore twofold. First, we investigated 90 
whether investment in fighting was related to body condition. Therefore, support for the individual quality 91 
hypothesis would be evident by a positive relation between pre-rut body condition and investment in 92 
fighting. Second, consistent with recent studies (e.g. Mainguy & Côté 2008) and because the individual 93 
quality hypothesis is not exclusive of age-related models, we investigated whether there was evidence for 94 
age-related differences in contest structure. Specifically, we sought to determine whether investment in 95 
fighting was highest in prime-aged fallow bucks (a mating effort strategy) or whether older, post-prime 96 
aged males, had a greater investment in fighting (a terminal investment strategy).  97 
 98 
99 
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Methods 100 
Study site and population: This study was conducted over two consecutive ruts (1996 and 1997) on a herd 101 
of free-ranging European fallow deer resident in the Phoenix Park – a large enclosed city park consisting of 102 
709 ha located at Dublin, Ireland. The majority of the park (80%) is open grassland with the remaining 20% 103 
covered by mixed woodland; the deer are free to range over much of this area but usually confine 104 
themselves to certain areas of the park. Annual tagging of the herd began in 1971, and the entire herd was 105 
rounded up and tagged between 1991 and 1992. The majority of fawns are tagged in each ear with unique 106 
colour/numbered tags shortly after birth in June and July each year. Identification of mature males in the 107 
population is facilitated by a combination of coat colour, antler conformation and ID tag. The number of 108 
females was similar over both years of the study (1996: N = 394; 1997: N = 349) .The age structure of the 109 
males remained relatively stable over the two field seasons of the current study (Ages 1-3: 1996: N=100 110 
males; 1997: N=126 males; Ages 4-5: 1996: N=34; 1997: N=27; Ages 6-7: 1996: N=24; 1997: N=29; Ages 8+: 111 
1996: N=14; 1997: N=15).  112 
 113 
Data collection 114 
From the time that velvet was shed from the antlers in late August, two to three observers’ monitored the 115 
males that were usually resident in a single aggregated (bachelor) herd on their home range.  All-event 116 
recording of agonistic interactions was employed during the course of this study (Altmann 1974). 117 
Interactions were divided in two distinct categories; (i) noncontact interactions where one individual 118 
displaced his opponent but no physical contact occurred and (ii) fights. During fights two individuals locked 119 
antlers and engaged in a temporally protracted interaction involving a vigorous pushing contest that could 120 
be separated into several different bouts of fighting. When an interaction of either type was observed we 121 
recorded the category of interaction, the identity of the interacting males, the outcome, the location and 122 
the time of the interaction. Recording agonistic interactions in this manner therefore, provided information 123 
concerning the age of the interactants, the total number of noncontact interactions and number of fights 124 
for each male in the population. From these data we first calculated the tendency for individual males to 125 
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escalate to fighting by dividing the total number of fights they had by the total number of interactions 126 
(noncontact and fights).  Following this we used the outcomes of all noncontact interactions to calculate a 127 
dominance hierarchy (details below). 128 
During the third to fourth weeks in September the bachelor herd gradually disbanded and males 129 
moved to the female range where mature males began to display stereotypical rutting behaviour (e.g. 130 
vocalizing, scent marking, wallowing in scrapes). Males become increasingly intolerant of each other’s 131 
presence during the rut and, from the time males moved to the female range fighting became a more 132 
common occurrence gradually peaking around the time that a peak in the matings was recorded. Despite 133 
this increase in aggression, there appears to be no corresponding change in male investment in fighting as 134 
it relates to contest structure ( Jennings et al. 2004).The first matings were recorded in mid-October in both 135 
years of the present study, peaked during the third week and declined rapidly towards the end of the 136 
month.  137 
 138 
Fight structure and behaviour: Fights were recorded opportunistically on video tape (Panasonic NV-MS 4B 139 
SVHS video recorder using TDK XP SVHS tapes). They were subsequently analysed using the Observer video 140 
tape analysis system (Noldus Information Technology, Wageningen, The Netherlands). For the purpose of 141 
the present study four different measures were extracted and analysed – fight duration, number of jump 142 
clashes, number of backward pushes and number of groans (vocalizations). These measures of contest 143 
behaviour have been described and defined elsewhere (e.g. Jennings et al. 2004, 2005a) but we provide 144 
brief descriptions of these variables here.  Fight duration was calculated in seconds from the moment of 145 
first to last antler contact. A jump clash involves one animal initiating antler contact by jumping towards his 146 
opponent with his antlers lowered. Backward pushing involves one animal forcing his opponent backwards 147 
while their antlers are locked. Groaning is a stereotypical atonal vocalization emitted occasionally between 148 
bouts of antler contact by mature males. We calculated the mean value of each of these four variables for 149 
each mature male recorded fighting on video tape. 150 
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 Prior studies of reproductive effort in ungulates have employed focal watches of specified 151 
individuals and represented effort as a percentage of time engaged in any particular behaviour as measure 152 
of investment (e.g. McElligott et al. 2003; Mainguy & Côté 2008); however, this simple measure is less 153 
appropriate where individual behaviour is influenced by the behaviour of other competing males. Because 154 
we were interested in determining the relationship between the maximum investment in fighting that each 155 
buck was willing to make (as a measure of reproductive effort) rather than time spent engaged in a 156 
particular activity we addressed video-taped contests in a different manner.  157 
The procedures used here were consistent with game theoretical analysis of contest behaviour 158 
following Taylor and Elwood (2003): for example, when a male is successful in winning a fight he, by 159 
definition, could not have reached his maximum investment. Rather in this situation the duration spent 160 
fighting is determined by the loser and, therefore, we used only fight durations where the individual did not 161 
win. Both jump clashing and (backward) pushing are indicators of competitive ability and fight winners 162 
engage in both of these tactics at a high rate relative to losers (Jennings et al. 2005 a,b). We calculated the 163 
mean number achieved by the focal buck and those achieved by his opponents from all fights recorded – a 164 
difference measure was then calculated by subtracting the opponent score from the focal buck score to 165 
produce an off-baseline index of reproductive effort. Therefore, a negative value indicated that the focal 166 
buck made a lower average investment in fighting than his opponent whereas a positive value indicated a 167 
greater average investment in fighting. Groan rate was calculated as the mean number of groans recorded 168 
during contests. A preliminary analysis of these four measures showed that they were not related (Table 1). 169 
 170 
INSERT TABLE 1 ABOUT HERE 171 
 172 
Dominance ranking:  Individual dominance ranks were calculated for each buck in both years of the study 173 
using David’s score (Gammell et al. 2003); we used all decisively resolved non-contact interactions recorded 174 
between mature males (≥ 4 years) in that year to calculate dominance ranks. The two hierarchies were 175 
linear (1996: h’ = .28, p < .001; 1997: h’ = .33, p < .001) indicating that dominance relations between the 176 
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males in both years were transitive (see also Jennings 2007). For pooled analyses involving dominance 177 
ranks, the David’s scores were converted to ordinal ranks, the animal with the highest David’s score in each 178 
year was assigned an ordinal rank of 1 in a declining order. 179 
 180 
Immobilization and body measurement:  Bucks were immobilized both pre-rut (third week of September) 181 
and post-rut (the first week of November in 1996 and first week in December 1997). Individual males were 182 
selected for weighing and body measurement based on a rough estimate of their pre-rut rank; high ranking 183 
animals were preferentially selected since they are generally more likely to engage in agonistic interactions 184 
relative to low ranking animals (Jennings et al. 2006). Seven males were darted in both years of the study; 185 
we randomly eliminated males from one year to avoid pseudoreplication and, consequently, there was a 186 
total sample size of twenty seven males where body measurements were available (Ages 4-5: N=6; Ages 6-187 
7: N=16; Ages 8+: N=5). 188 
Bucks were immobilized using a mixture of etorphine hydrochloride (18e20 mg/kg, C-Vet 189 
Veterinary Products, Leyland, U.K.) and xylazine (360e420 mg/kg, Rompun Dry Substance, Bayer, Dublin, 190 
Ireland) administered by hypodermic syringe darts fired from a compressed-gas rifle. Following weighing 191 
and body measurement, bucks were revived with a mixture of antagonistic drugs, diprenorphine 192 
hydrochloride (Revivon), (24e28 mg/kg, C-Vet Veterinary Products) and antipamozole hydrochloride (50 193 
mg/kg, Antisedan, Pfizer, Dublin, Ireland) in a total volume of less than 2 ml, injected either intravenously 194 
or intramuscularly by a hypodermic syringe.  195 
Measurement of weight was conducted by suspending the immobilized male in a net from Salter 196 
balance attached to a tripod. Measurement of neck girth and body length were taken by the same 197 
individual (C.M.C.) using a flexible tape measure; neck girth was taken from directly below the larynx and 198 
body length from the tip of the nose to the base of the tail. We chose to include both body weight and neck 199 
girth since both are central to the form of pushing and twisting style that deer adopt when fighting with 200 
their antlers locked (Alvarez 1993). In order to estimate the decline in condition over the rut we calculated 201 
the percentage loss in body weight and neck girth for each male based on the pre- and post-rut 202 
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measurements. Consistent with the idea that the rut is costly for male deer, both body weight and neck 203 
girth displayed a marked decline between the pre-rut and post-rut; body weight declined by a mean of 22.7 204 
kilos (SD: 3.4,Paired t-test: t(24) = 32.5, p < .001), and neck girth by 10 cm (SD: 6.5, Paired t-test: t(24) = 11, 205 
p < .001). We used two pre-rut measures of body size (body weight and neck girth) as well as a third body 206 
measurement (body length) to assess the effect of contest behaviour on decline in condition.  207 
Ethical statement: Drugs were administered either by, or under supervision of, a qualified 208 
veterinarian who was present in the field at all times. No animal was handled for more than ten minutes, 209 
and typically the procedure was completed within five minutes. Following the administration of reviving 210 
drugs an observer remained with the animal until it had recovered full mobility and alertness. Recovery 211 
time was generally within five to ten minutes and was marked by the animal jumping up and running away 212 
from the observer. The procedure did not have any apparent ill-effect on dominance status of the darted 213 
males and darted males did not suffer increased levels of aggression (Jennings 2007). 214 
 215 
Statistical analysis: Some males were present over both years of this study. In order to avoid 216 
pseudoreplication we only included each male in one year by random removal from one or other year; this 217 
yielded a total sample size of 53 males. Moreover, any male who was not present over the entire rut was 218 
also excluded from the analysis. We calculated the difference between pre-rut and post-rut measures of 219 
body weight and neck girth as the percentage difference between post- and pre-rut measures. The 220 
tendency to escalate an interaction to fighting (hereafter ‘fighting’) was also expressed as a percentage of 221 
overall interaction rates and these percentage scores were subsequently arcsine transformed prior to 222 
statistical analyses being performed (Martin & Bateson 2000). We tested the relationship between 223 
investment in fighting (duration, jump clashing, backward pushing and groan rate), dominance rank, age, 224 
tendency to fight and body size and condition using correlations; where data were normally distributed 225 
Pearson correlation coefficients (r) were used otherwise we used non-parametric tests, Spearmans rank 226 
order correlation (rs) (Siegel & Castellan 1988). Although we usually treated age as a continuous variable, 227 
we placed bucks into three categories based on those employed by Alvarez (1993) for certain analyses: 228 
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young adult males aged four and five (N=16) that had yet to reach prime breeding age (pre-prime) were 229 
treated as a single category; males aged six and seven (N=28) were classed as prime-aged animals based on 230 
the observation that they attain most matings in this population (Moore et al. 1995). The third category 231 
consisted of older males aged eight and nine (N=9, post-prime). Over the two years of the current study, 232 
males in the three age categories attained 7.8 % (4-5 years), 81.8% (6-7 years) and 10.4% (8-9 years) of the 233 
matings recorded. We conducted a comparison of contest structure and age category using Kuskal-Wallis 234 
one-way ANOVA. We tested for normality using the Shapiro-Wilks test. Data were pooled over the two 235 
years of the study; however, in order to avoid pseudoreplication no male was included twice in the data 236 
set. The alpha level was set at .05. 237 
 238 
Note on sample sizes: There were a total of 53 mature males available for inclusion in this study. However, 239 
because we wished to determine the maximum time that males invested in fights we eliminated any fights 240 
that males won from our average measure of contest duration. In total, three males won all fights where 241 
they were recorded on video tape and, therefore, the sample size was reduced to fifty for this measure. 242 
There were a total of 27 males where body measurements were available; however, we were unable to 243 
locate one male to dart post-rut and a decision was made to dart a different male post-rut. This reduced 244 
the sample size to 26 when pre-rut body condition was investigated and to 25 when calculating the 245 
percentage loss in body condition measures. One male for which body condition data were available won 246 
all his fights and so did not provide data on contest duration. Further details of sample sizes are given in the 247 
results tables. 248 
249 
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Results 250 
The relationship between dominance rank, fighting and body condition 251 
Overall, rank was not related to the decline in either body weight or neck girth, however, rank was 252 
negatively related to pre-rut weight, neck girth and marginally related to body length (p = .05, Table 2). 253 
Fighting was related to the percentage loss of body weight. There was no relation between fighting and 254 
percentage decline in neck girth or between fighting and pre-rut body weight, neck girth or body length 255 
(Table 2).  256 
 257 
TABLE 2 ABOUT HERE 258 
 259 
The relationship between contest structure and body condition 260 
When considered independently, three measures of contest behaviour were related to body condition 261 
(Table 3). The tendency to jump clash was associated with greater loss of body weight over the rut and the 262 
tendency to groan was associated with a decline in neck girth. We show that pre-rut neck girth was related 263 
to fight duration, however, pre-rut body weight or body length were not related to any measure of contest 264 
behaviour (Table 3).  265 
 266 
TABLE 3 ABOUT HERE 267 
 268 
The relationship between rank and contest structure 269 
There was no relationship between rank and fight duration (rs = .07, N=50, p > .05), jump clashes (rs = .01, 270 
N= 53, p > .05) or groan rate (rs =- .03, N = 53, p > .05). There was, however, a negative relation between 271 
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ordinal rank and pushes (rs= -.30, N = 53, p < .05) indicating that mean investment in pushing increased 272 
with increasing dominance. In order to investigate the nature of the relationship between dominance and 273 
pushing and body size (see Table 2) we conducted a regression analysis with rank as the dependent 274 
variable: only pushing predicted dominance rank (R2 = .45, pushes: Beta = -.4, t = -2.21, p < .05) while pre-275 
rut body weight, neck girth and body length were not significant. 276 
 277 
The relationship between fighting and contest structure 278 
We tested the relationship between fighting and contest structure. There was a negative relationship 279 
between the tendency to escalate an interaction to fighting and fight duration (rs= -.32, N = 50, p < .05) 280 
indicating that as the tendency to escalate increased there was a decrease in fight duration. No other 281 
relationship was significant (jump clashes: rs = -.17, N = 53; pushes: rs = .04, N = 53; groan rate: rs = .04, N = 282 
53 all NS).  283 
 284 
Age category, fight duration and contest structure 285 
There was a difference in fight duration based on age category (KW: H2 = 10.75, p = .005); post hoc tests 286 
indicated that post-prime males (aged eight/nine) fought for significantly less time than either pre-prime 287 
(four/five) or prime-aged males (six/seven, Figure 1). These latter two groups of males did not differ in the 288 
duration for which they fought.  There was a difference in the number of pushes achieved during fights 289 
based on age category (KW: H2 = 7.25, p = .027). Post hoc tests indicated that prime-aged and post-prime 290 
males achieved more pushes than pre-prime aged males (Figure 2). There was no difference in the number 291 
of jump clashes (KW: H2 =0.27, p = .9) or number of groans (KW: H2 = 0.75, p = .7) based on age category. 292 
 293 
FIGURE 1 AND 2 ABOUT HERE 294 
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 295 
Age, dominance rank and fighting 296 
Prime-aged males had a significantly higher dominance rank than pre- or post-prime aged males (KW: H2 = 297 
17.6, p < .001); post hoc tests showed that prime aged animals held a significantly higher dominance rank 298 
than either young or older males and that these latter two groups did not differ. There was a difference in 299 
fighting (i.e. tendency to escalate an interaction to fighting) based on age category (KW: H2 = 7.5, p < .05) 300 
and post hoc comparisons indicated that young males were less likely than either prime aged or older 301 
animals to escalate an interaction to a fight (Figure 3). 302 
 303 
FIGURE 3 ABOUT HERE 304 
 305 
Age and body condition 306 
There was no difference between the three age categories in terms of percentage loss in body weight (KW: 307 
H2 = 2.25, p > .05) or reduction in neck girth (KW: H2 = 0.2, p > .05). Furthermore, males in the three 308 
categories did not differ in terms of pre-rut body weight (KW: H2 = 4.2, p > .05), neck girth (KW: H2 = 5.28, p 309 
> .05) or body length (KW: H2 = 5.15, p > .05). 310 
 311 
 312 
Discussion 313 
Understanding the relationship between age and condition at the individual level is a key factor in 314 
understanding variation in life histories (Stevenson & Bancroft 1995). For animals that rely on stored energy 315 
reserves, capital breeders, active participation in rutting imposes substantial costs on sexually mature 316 
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males (Kojola 1991; Yoccoz et al. 2002; Forsyth et al. 2005), and the idea that intra-sexual competition is a 317 
major source of these costs has been encouraged (e.g. Pelletier et al. 2006). However, while data 318 
concerning reproductive effort from a range of species and employing a range of methodologies have now 319 
been reported (e.g. bison (Bison bison: Maher and Byers 1987); reindeer (Rangifer tarandus: Kojola 1991); 320 
red deer (Cervus elaphus: Yoccoz et al. 2002); fallow deer (McElligott et al. 2003); tahr (Hemitragus 321 
jemlahicus: Forsyth et al, 2005); bighorn sheep (Ovis Canadensis: Pelletier 2005); mountain goats 322 
(Oreamnos americanus: Mainguy & Côté 2008) see Introduction); the direct role of male investment in 323 
competitive behaviour has remained stubbornly hypothetical (e.g. Yoccoz et al. 2002; Pelletier et al. 2006). 324 
We have shown previously that social factors (such as female presence, mating behaviour and oestrus 325 
status) have no effect on contest behaviour in male fallow deer (Jennings et al. 2004, also Fričová et al. 326 
2007). Consequently, we sought to determine the extent to which competitive behaviour (as indexed by 327 
contest structure) dominance rank and (tendency to escalate an interaction to) fighting was related to body 328 
condition and age in rutting male fallow deer.  329 
Theoretical accounts that emphasise the idea of reproductive effort suggest that different life 330 
history strategies might be adopted by individuals within a population based on their age (e.g. Pianka & 331 
Parker 1975; Yoccoz et al. 2002). An alternative, but not mutually exclusive account, the individual quality 332 
hypothesis (e.g. Pelletier 2005), predicts that reproductive effort should primarily be related to pre-rut 333 
phenotypic quality. In support of this account we found that fight duration was positively related to pre-rut 334 
neck girth indicating that males with larger necks fought for longer. This is consistent with the idea that the 335 
wrestling and pushing style adopted by male deer places considerable demands on the neck muscles during 336 
fighting (e.g. Alvarez 1993). Nevertheless, and in contrast to suggestions by Pelletier et al. (2006) 337 
concerning the generality of the individual quality hypothesis in polygynous ungulates, support for this 338 
model was limited. Although dominance rank was related to pre-rut weight, neck girth and backward 339 
pushing, our results indicate that fighting behaviour (backward pushing) was the sole predictor of 340 
dominance rank. Moreover, investment in fighting as defined by four measures of contest behaviour, was 341 
not related to pre-rut body size suggesting that investment in competitive behaviour in male fallow deer is 342 
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mediated by some factor other than phenotypic quality prior to the breeding season (see also Jennings et 343 
al. 2004).  344 
 Our results lend some support for the individual quality hypothesis; however, our data suggest that 345 
investment might at least in part be explained by participant age. In the fallow deer it has been proposed 346 
that prime age is reached after five years of age (Alvarez 1993; Komers et al. 1997), and we have reported 347 
that males between four and five and older than seven years achieve less than 20% of all matings. Mating 348 
strategy in this herd is highly related to age (Moore et al. 1995) and, therefore, following the mating 349 
strategy hypothesis we predicted that prime-aged males should adopt a different competitive strategy than 350 
either pre- or post-prime aged males. The tendency to withdraw investment and reduce time spent 351 
engaged in social activities in past prime age mountain goats has been shown recently (e.g. Mainguy & Côté 352 
2008), and consistent with this finding, we have shown that post-prime aged male fallow deer have 353 
significantly shorter fights than pre-prime or prime-aged males. Furthermore, we have also shown that 354 
males’ aged younger than six invest less in backward pushing than older males. These data are supported 355 
by a recent study that has shown that competitive behaviour is regulated by individual age rather than 356 
cohort in fallow deer (Jennings et al. 2006). Our analysis also revealed that males did not lose condition 357 
based on age and, furthermore, there was no difference between different aged males in terms of their 358 
initial pre-rut condition or their overall body size. Differences in fighting strategy are therefore not due to a 359 
greater ability to invest in fighting by, for example, bringing greater body mass to bear during contests. 360 
Consistent with mating strategy, we show that prime-aged males adopt a different fighting strategy than 361 
pre- and post-prime aged males. These data are generally supportive of the mating strategy hypothesis 362 
rather than the terminal investment hypothesis (see also Maher & Bayers 1987; Yoccoz et al. 2002; 363 
Mysterud et al. 2005; Mainguy & Côté 2008).   364 
Both fight duration and backward pushing differed over age class, however, neither of these two 365 
fight parameters were directly related to a decline in body condition. Although a previous study on this 366 
population suggested that loss of condition is not related to fighting in the fallow deer (e.g. McElligott et al. 367 
2003), our data indicate that jump clashing was directly related to a decline in body weight and vocal rate 368 
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to a decline in neck girth. However, we note certain methodological issues that make interpretation of data 369 
provided by McElligott et al. (2003) somewhat difficult; for example, contest duration, the only comparable 370 
variable across the two studies, was reported as a percentage of overall social behaviour during focal 371 
watches (see also Mainguy & Côté 2008). Additionally, it is unclear how these data might adequately 372 
address the costs associated with reproductive effort as there was no baseline against which to measure 373 
individual changes in effort. Fighting is a complex interaction between two individuals (Jennings et al. 2004, 374 
2005a,b) with overall duration controlled by the loser which reaches a maximum investment limit first 375 
(Taylor and Elwood 2003). Therefore, since the loser determines duration, we calculated effort from fights 376 
where males did not win. Similarly, assessment of investment in tactics such as jump clashing and pushing 377 
requires that each tactic be adjusted to generate an off-baseline measure of effort. However, we note as a 378 
general point, that differences in data collection methodologies appear to support differing theoretical 379 
perspectives. Although the issue might simply reflect differences in emphasis between time spent doing 380 
something on the one hand, and an estimate of effort relative to an opponent on the other, this as a source 381 
of concern and one that warrants further investigation.  382 
However, these results are consistent with the idea that individual investment in fighting is a major 383 
determinant of reproductive effort in the fallow deer – an aspect of reproductive effort not within the 384 
explanatory scope of the individual quality hypothesis. We have shown that contest behaviour is both 385 
directly and indirectly related to a decline in both body mass and neck girth in the fallow deer. Our results 386 
are, therefore, consistent with experimental studies that illustrate the costly nature of fighting (e.g. Thorpe 387 
et al. 1995; Hack 1997; Vehrencamp et al. 1989; Briffa & Elwood 2001), and support the argument that 388 
contest behaviour is related to reproductive effort in the fallow deer (e.g. Yoccoz et al. 2002).  389 
 The tendency of males to escalate to fighting has a complex relationship not only with body 390 
condition, but also with male age. We have shown that as males increasingly displayed a tendency to 391 
escalate to fighting, they also tended to lose less weight. This appears to be a somewhat counterintuitive 392 
pattern of results if fighting is expensive. However, there was also a negative relationship between 393 
tendency to escalate to fighting and fight duration and, therefore, males that displayed a tendency to 394 
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escalate also invested less in terms of time spent fighting - they quit fighting earlier. Taken together these 395 
results suggest that individual males use different competitive strategies and that this was age-related. 396 
Specifically, our data show that pre-prime aged males escalate to fighting less frequently but compete for 397 
longer than older males and, therefore, suffer greater mass loss. Conversely prime and post-prime aged 398 
males, although they have a greater tendency to escalate to fighting, fight for shorter durations and, suffer 399 
a lower loss in body mass - an indication that male fallow deer trade-off investment in fighting based on 400 
age.  401 
In polygynous species, larger animals are expected to have greater reproductive success than 402 
smaller animals since they are expected to have a greater ability to invest in reproductive activities such as 403 
mate guarding and intra-sexual aggression (Doughty & Shine 1997; Festa-Bianchet et al. 1998). Empirical 404 
investigation of this issue has shown that dominance rank correlates highly with reproductive activities 405 
such as aggression (e.g. Komers et al. 1997). It has been shown that dominance is related to body size 406 
although little is known about how high rank is attained (Pelletier and Festa-Bianchet 2006). The present 407 
study reports this relationship and, furthermore, shows a relationship between body size (pre-rut body 408 
weight and neck girth) and dominance rank. However, in addition, rank was also related to the ability of 409 
males to physically displace their opponent during fights by pushing them – a tactic highly associated with 410 
fight success (Jennings et al. 2005 a,b). A more detailed analysis of these relations selected backward 411 
pushing as the only predictor of rank and, therefore, it is investment in fighting rather than body size that is 412 
the critical factor in determining social rank in the fallow deer.  413 
 414 
Concluding remarks 415 
 Despite the argument that competitive behaviour is a regulating factor in life history investment 416 
(e.g. Kojola 1991; Yoccoz et al. 2002; Forsyth et al. 2005; Costello et al. in press), the importance of its role 417 
in reproductive effort has remained somewhat speculative. Life history models have variously predicted 418 
that investment in reproduction is related to age or some condition related factor such as pre-rut body 419 
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mass (e.g. Pianka & Parker 1975; Yoccoz et al. 2002; Pelletier 2005; Mainguy & Côté 2008) and, 420 
consequently, we investigated these predictions in relation to contest structure in the fallow deer. Our 421 
results indicated that prime-aged bucks had a different fighting strategy than pre- or post-prime males 422 
consistent with a mating strategy hypothesis (Moore et al. 1995). However, other features of competitive 423 
behaviour indicated that investment in reproductive effort relies on individual behaviour rather than age or 424 
pre-rut body condition. These additional results are important given that during the rutting season access 425 
to energy is constrained in capital breeders. Moreover, when body size and investment in fighting 426 
(backward pushing) were considered in relation to dominance rank, only investment in fighting was found 427 
to predict dominance status. While these results might be outside the explanatory scope of current models 428 
in the strict sense, they are nevertheless within the spirit of predictions concerning investment in 429 
reproductive effort. In polygynous species, the relationship between reproductive investment and 430 
reproductive outcome is not necessarily a linear one. Consequently, there should be no expectation that 431 
individual effort should rest entirely on age or condition related parameters. Rather, as variability in 432 
outcome increases there should be a corresponding increase in the variability in effort that individuals are 433 
willing to make.  434 
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Table 1. Pearson correlation coefficients indicating the relationship between four measures of 547 
contest structure. 548 
 Duration Jump clash Push 
    
Jump clash .15   
Push -.22 -.01  
Groan .22 .13 -.07 
All coefficients NS 549 
 550 
551 
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Table 2. Spearman’s rank order correlation (rs) and Pearson correlation (r) coefficients comparing the 552 
relationship between five measure of body condition and dominance rank and tendency to escalate an 553 
interaction to fighting. 554 
 
 
% Body 
weight loss 
% Neck girth 
loss 
Body weight  Neck  
Girth 
Body 
length  
Rank (rs) -.04  .36 -.42 * -.58 ** -.39 
Fighting (r) .58 **  -.16 .11 -.14 .32 
* p < .05, ** p < .01. Total sample is 27 males for body length but varies across other measures of condition; 555 
for body weight and neck girth one male was not darted pre-rut (N=26). For % body weight and % neck 556 
girth a second male was not darted post-rut (N=25). 557 
 558 
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Table 3. Pearson correlation (r) showing the relationship between contest structure and five measures of 560 
body condition. 561 
 
 
% Body weight 
loss 
% Neck girth 
loss 
Body 
weight 
Neck  
girth 
Body 
length 
Duration     -.22 
 
-.32
 
.31 .42 * .06  
Jump clashes  -.44 *  .07  .01 -.21 -.27  
Pushes -.01
  
-.11
 
-.06 .08 .25
  
Groans -.09
 -.45 *  .16 .10 -.12  
* p < .05. Total sample size is 25 for body length (two darted males were not recorded fighting on video 562 
tape) but varies for other measures of condition. For body weight and neck girth one male was not darted 563 
pre-rut (N=24) and for %body weight and % neck girth a second male was not darted post-rut (N=23). For 564 
duration one male won all his video-taped fights and so sample size is further reduced by one male for this 565 
measure (N=22).  566 
567 
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